
ANL-6733 ANL-6733 

argonne Bational laboratorg 
A TWO-ZONE FAST CRITICAL EXPERIMENT 

(ZPR-m Assembly 42) 

by 

P. I. Amundson, R. L. McVean, 
and J. K. Long 



WW 

LEGAL NOTICE 

This report loas prepared as an account of Government sponsored 
ujork. Neither the United States, nor the Commission, nor any 
person acting on behalf of the Commission: 

A, Makes any warranty or representation, expressed or implied, 
with respect to the accuracy, completeness, or usefulness 
of the information contained m this report, or that the use 
of any information, apparatus, method, or process disclosed 
m this report may not infringe Privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for 
damages resulting from the use of any information, apparatus, 
method, or process disclosed in this report. 

As used m the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee 
of such contractor, to the extent that such employee or contractor 
of the Commission, or employee of such contractor Prepares, dis­
seminates, or provides access to, any information pursuant to his 
employment or contract with the Commission, or his employment with 
such contractor. 

Price 75 cents . Available from the Office of Technical Services, 
Department of Commerce, Washington 25, D.C. 



A N L - 6 7 3 3 
R e a c t o r T e c h n o l o g y 
(TID-4500 , 3 0 t h Ed . ) 
AEC R e s e a r c h and 
D e v e l o p m e n t R e p o r t 

ARGONNE NATIONAL LABORATORY 
9700 South C a s s Avenue 
A r g o n n e , I l l i no i s 60440 

A T W O - Z O N E FAST C R I T I C A L E X P E R I M E N T 
( Z P R - I I I A s s e m b l y 42) 

by 

P . I. A m u n d s o n , R. L. McVean , 
and J. K, Long 

Idaho Div i s ion 

J a n u a r y 1964 

O p e r a t e d by The U n i v e r s i t y of Ch icago 
u n d e r 

C o n t r a c t W - 3 1 - 1 0 9 - e n g - 3 8 
wi th the 

U. S. A t o m i c E n e r g y C o m m i s s i o n 





T A B L E O F C O N T E N T S 

P a g e 

A B S T R A C T 5 

INTRODUCTION 5 

THE Z P R - I I I MACHINE 6 

P H Y S I C A L D E S C R I P T I O N O F ASSEMBLY 1 

A P P R O A C H TO CRITICAL. U 

P L A T E ORIENTATION E X P E R I M E N T S 12 

H E T E R O G E N E I T Y F U E L - B U N C H I N G E X P E R I M E N T S 14 

WORTH O F CORE DRAWERS AT VARIOUS RADIAL POSITIONS. . . 17 

C E N T R A L R E A C T I V I T Y M E A S U R E M E N T S 18 

R E A C T I V I T Y WORTHS O F AXIAL COLUMNS O F R E A C T O R 

M A T E R I A L S AT VARIOUS RADII 2 0 

R E A C T I V I T Y M E A S U R E M E N T ERRORS 22 

FISSION RATIOS 2 3 

N U C L E A R TRACK EMULSION E X P O S U R E S 25 

FISSION R A T E AND R E A C T I O N R A T E TRAVERSES 25 

R O S S I - A L P H A M E A S U R E M E N T S 29 

F O I L IRRADIATIONS 30 

SODIUM IRRADIATIONS 32 

R E F E R E N C E S 35 



LIST O F F I G U R E S 

No. T i t l e Pa£e_ 

1. View of Z P R - I I I 6 

2. Typica l D r a w e r S t r u c t u r e 7 

3. F a c e View of One-ha l f A s s e m b l y 8 

4. C o r e A r e a D r a w e r Loading 8 

5. Top View of G e n e r a l D r i v e r D r a w e r Load ing 9 

6. A r r a n g e m e n t of D r i v e r D r a w e r s (Hor i zon ta l P l a t e s ) 

of Fig, 3 9 

7. C r i t i c a l Approach 11 

8. Cont ro l Rod C a l i b r a t i o n U 

9. Reac t iv i ty P e r i o d C u r v e 12 

10. Core Fue l P l a t e R e o r i e n t a t i o n 12 

11. D r i v e r Fue l P l a t e R e o r i e n t a t i o n 13 

12. Core Homogene i ty E x p e r i m e n t 14 

13. Core Bunching A r r a n g e m e n t 15 

14. C o r e Unbunching A r r a n g e m e n t 15 

15. D r i v e r Homogene i ty E x p e r i m e n t 15 

16. D r i v e r Bunching A r r a n g e m e n t 16 

17. D r i v e r Unbunching A r r a n g e m e n t 16 

18. Homogenei ty C o r r e c t i o n 17 

19. D r a w e r A r r a n g e m e n t for C o l u m n W o r t h M e a s u r e m e n t 21 

20. P o s i t i o n s for Co lumn Wor th M e a s u r e m e n t s 22 

21. D r a w e r A r r a n g e m e n t for C e n t r a l F i s s i o n R a t i o 
M e a s u r e m e n t s 23 

22. Radial U^^^ F i s s i o n D i s t r i b u t i o n 26 

23. Radial U^^* F i s s i o n D i s t r i b u t i o n 26 

24. Radial P u " ' F i s s i o n D i s t r i b u t i o n 27 

25. Radia l U"^ F i s s i o n D i s t r i b u t i o n 27 

26. Axial U"5 F i s s i o n D i s t r i b u t i o n 27 

27. Axial U'̂ *̂ F i s s i o n D i s t r i b u t i o n 27 



LIST OF FIGURES 

No. Title Page 

28. Axial Pu^^' Fission Distribution 28 

29. Axial U^̂ * Fission Distribution 28 

30. Radial BF3 Reaction Rate Distribution 28 

31. Axial BF3 Reaction Rate Distribution 28 

32. Foil I rradiat ion Positions (Axial) 30 

33. Foil I rradiat ion Positions (Radial) 31 

"Oa (Na) 
34. Radial _ , „ , , Distribution 34 

Of (U"5) 



LIST OF TABLES 

No. Title Page 

I. Reactor Constants 10 

II. Measurements of Drawer Worths 17 

III, Central Reactivity Coefficients 19 

IV, Column Worth Measurements 21 

V, Central Fission Ratios 24 

VI, Calculated Central Spectra and Adjoints Cross-sect ion 

Set 192 (RE-122) 25 

VII, Rossi-Alpha Measurements 29 

VIII, Fission and Capture Analysis of Depleted and Enriched 

Uranium Foils 31 

IX, Enriched and Natural Uranium Foil Irradiations 32 

X. Sodium Activation Measurements 33 



A TWO-ZONE FAST CRITICAL EXPERIMENT 
(ZPR-III Assembly 42) 

by 

P. I. Amundson, R. L, McVean, and J. K. Long 

ABSTRACT 

This study was conducted to determine what proper­
ties of a previously studied dilute power reactor could be 
duplicated in a smaller two-zone assembly. Reactivity 
measurements performed included determinations of plate-
orientation worth, homogeneity correct ions, reactor-segment 
worths, central reactivity coefficients, and radial worth d is ­
tributions of axial columns of core mater ia l s . Spectral in­
dex determinations included: central fission rat ios , nuclear 
t rack emulsion measurements , fission counter t r ave r ses , 
Rossi-alpha measurements , sodium activation, and natural 
and enriched uranium foil measurements . 

INTRODUCTION 

Exploratory work into two-zone systems is based on the inability 
of experimental is ts to assemble mockups of very large fast power breeder 
reac tors because the size is limited in present cr i t ical facilities. 

The two-zone system was conceived to try to fit a portion of a very 
large power breeder reactor into an existing cri t ical facility. A small , 
subcri t ical portion of a large dilute system is positioned in the center of 
the cr i t ical facility mat r ix and surrounded by enough high-enrichment 
dr iver mater ia l to make the system cri t ical . If the dr iver diluents and a 
filter between the driver and core are chosen properly, the higher-energy 
driver flux can be modified enough to allow neutron equilibrium over a 
major portion of the dilute central area . Should this system prove work­
able, it may be possible to study some of the more interesting paramete rs 
of the large dilute systems, such as the sodium void coefficient vs. sodium 
fraction, clad composition, and core height for a ser ies of very large 
r eac to r s . 

The pr imary purpose of the ZPR-III Assembly 42 was to determine 
how much meaningful information can be derived from the two-zone meth­
od. To do this, the central core area of Assembly 42 was made an exact 
duplicate of a previously run dilute, simulated uranium carbide reactor 



(Assembly 34 ) . ' ^ ' The d r i v e r zone was c h o s e n b e c a u s e it would i m i t a t e 
the condi t ions expec ted with fu tu re , l a r g e r t w o - z o n e s y s t e m s . T h e s e c o n ­
di t ions a r e : a d r i v e r s p e c t r u m h a r d e r than the c e n t r a l s p e c t r u m ; a r e l a ­
t ively high power dens i ty and r e a c t i v i t y dens i ty ; a s i m p l e c o m p o s i t i o n 
that would yie ld to a n a l y s i s ; and s t a i n l e s s s t ee l and g r a p h i t e u s e d to t e m ­
per the d r i v e r s p e c t r u m . The p u r p o s e of the f i l t e r which s e p a r a t e s the 
two zones is to m a k e g r o s s shifts in the n e u t r o n - e n e r g y s p e c t r u m b e t w e e n 
the d r i v e r and c o r e , so that as l a r g e as p o s s i b l e a r e g i o n of the c e n t r a l 
zone will be useful for phys i c s s t u d i e s . 

THE Z P R - I I I MACHINE 

Z P R - I I I is a c r i t i c a l a s s e m b l y divided into two s e p a r a b l e h a l v e s 
that al low for loading safety and e a s e of loading f r o m the r a d i a l m i d p l a n e . 
In the s e p a r a t e d (shutdo^vn or loading) s ta te the r e a c t i v i t y h a z a r d i s s m a l l . 

The p r i m a r y r e a c t o r f ea tu re a l lowing s i m p l e a s s e m b l y d e s i g n con­
s i s t s of a 31 X 31 a r r a y of h o r i z o n t a l s t a i n l e s s s t ee l t u b e s , e a c h having a 
c r o s s - s e c t i o n a l a r e a of 4.57 sq in. and a depth of 33.5 in. A v iew of the 
Z P R - I I I mach ine is given in F ig . 1. Al l c o n t r o l i n s t r u m e n t a t i o n i s loca ted 

F i g . 1. View of Z P R - I I I 



above the machine halves. Safety-control rods which feature electr ical 
drive and pneumatic sc ram power are inserted from the axial ends of the 
reactor (five safety control rods enter each half). 

Assemblies a re constructed by preloading perforated stainless steel 
drawers with the normally prescribed composition of -5—in.-thick plates of 
fuel and diluent mater ia ls (see Fig. 2). These core drawers are inserted 
into the mat r ices of each half in a repetitive pattern until criticality can 
be achieved with the halves together and all control-safety rods inserted. 
A more complete description of the ZPR-III facility has been given by 
Cerutti et al.v'^) 

1 •K?'xv-Mml!>x<fM^ii-^:s:<xi'>y:T-:i!n •^--•:- , , . . - : - . • . : -• :• — 
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Fig. 2. Typical Drawer Structure 

PHYSICAL DESCRIPTION OF ASSEMBL,Y 

Assembly 42 is a two-zone cylindrical reactor that consists of two 
fuel zones separated by a filter of depleted uranium. The two zones are 
completely blanketed both axially and radially with depleted uranium. 

A face view of one-half of the assembly is shown in Fig. 3. For 
safety purposes, the assembly is positioned in the ZPR-III matr ix with the 
cylinder lying on its side. This procedure is normally followed in ZPR-III 
so that insert ion of the fuel-containing control-safety rods will result in 
reactivity changes that are predictable and nonhazardous. In Assembly 42 
control-safety rod travel is limited to movement through the axial blanket 
into the zone for which a specific control-safety rod is designed. 

The central zone (core area) is 34.06 in. in length and has an ef­
fective radius of 9.22 in. Each drawer in this zone contains one column 
of enriched uranium, two columns of graphite, two columns of depleted 
uranium, three columns of stainless steel, two columns of 100% aluminum, 
two columns of 63% reduced-density aluminum, and four columns of 45% 
reduced-density aluminum. The core area drawer column arrangement is 
shown in Fig. 4. This arrangement is a duplicate of that of Assembly 34. 
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C o r e A r e a 
D r a w e r Loading 

ASSEMBLY NO. 112 
LOADING NO. 
DRAWER NO. All Core 

The rad ia l p e r i p h e r y of the c o r e zone is s u r r o u n d e d by a nomina l 
•5--in.-thick deple ted u r a n i u m f i l te r . The f i l t e r h a s the s a m e ax ia l length 
as does the co re zone. Although the m a s s of dep le t ed u r a n i u m in the f i l ter 
would indicate a r ad i a l d i m e n s i o n s l ight ly in e x c e s s of j - in. in t h i cknes s 
with an inner r ad iu s of 9.22 in . , the f i l t e r zone is ac tua l ly 0.71 in. in r ad ius 
due to the volume taken up by the s t a i n l e s s s t e e l in the m a t r i x and p e r ­
fora ted d r a w e r s , and i n h e r e n t c o n s t r u c t i o n voids c h a r a c t e r i s t i c of a l l 
d r a w e r load ings . 



Surrounding the filter zone radially and with an axial length equal 
to it is a driver zone containing approximately twice the U^̂ ^ volume frac­
tion of the core . The driver zone has an effective inner radius of 9.93 in. 
and an effective outer radius of 13.11 in. Each full drawer in the driver 
zone contains 2 columns of enriched uranium, one column of depleted u ra ­
nium, 9 columns of graphite, and 4 columns of stainless steel. The ma­
ter ia l a r rangement in a typical driver drawer is given in Fig. 5. All half 
drawers in the dr iver contain the same mater ia l arrangements as a full 
drawer up to the point in the drawer where blanket mater ia l s ta r t s . A 
portion of the driver drawers above and below the filter have the columns 
of mate r ia l in a horizontal plane as shown in Fig. 6. This arrangement of 
mater ia l was necessitated for some of the 3/4 drawers because of the lack 
of smal l -s ized pieces of various mater ia ls necessary to make a 3/4 drawer 
with columns in the vert ical plane. 

.1 i l i M i M , L l i M . M , 1, 111, 1, 
stainless Steel 

Graphite 
Enrictied Uranium 

Graohite 
Stainless Steel 

Graotiite 
DeDleted Uranium 

Graciiite 
Stainless Steel 

Graotiite 
Enrictied Uranium 

Graotiite 

Stainless Steel 
Graotiite 
Graohite 

. 1 < 1 1 1 < 1 1 1 1 1 1 1 < 1 < 1 1 1 1 , 1 1 , 1 , 1 < 1 1 1 . 

, 1 i l . l i 
\ / 
\ / \ / \ / \ / \ / 

/DeoletedX 
/ Uranium \ 

/ Blanket \ 

/ \ / \ 
, 1 , 1 , 1 , 

Fig. 5 

Top View of General 
Driver Drawer Loading 

ASSEMBLY NO. 42 
LOADING NO. 
DRAWER NO. Driver 

ASSEMBLY NO. 42 
LOADING NO. 
DRAWER NO. 

Fig. 6. Arrangement of Driver Drawers (Horizontal Plates) of Fig. 3 
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The compos i t i ons 
of the v a r i o u s zones a r e g iven in Tab le I. A l -

though t h r c o r r d r i ; r r " " ; r r a n g e m e n t s a r e the s a m e as in A s s e m b l y 34 the 
v o l u L f rac t ions differ s l ight ly b e c a u s e the f i l t e r cu t s m t o p o r t i o n s of the 

Iso , the r a t i o of the c o n t r o l - s a f e t y d r a w e r s t a i n l e s s volume 
edge of the c o r e ; a 
m a s s is different f rom the to ta l c o r e m a s s 

Table I 

REACTOR CONSTANTS 

Volume % (g /cc) 

U"= (18.75) 
U " " (19.0) 
S ta in l e s s S t e e l ( 7 . 8 5 ) 
Graph i te (1.43) 
A luminum (2.7) 

Volume ( l i t e r s ) 

Length (cn^) 

Core 

5.04 
11.0 
22.6 
12.5 

25.6 

149.12 
23.4 
86.5 

F i l t e r 

0.17 
80.1 

6.9 

-
-

23.86 
25.2 
86.5 

D r i v e r 

9.29 
6.54 

28.6 

51.3 

" 
137.20 

33.8 
86.5 

Blanke t 

Rad ia l Inne r 

0.17 
83.5 

9.1 

" 
698.2 

51.9 
142.4 

R a d i a l O u t e r 

0.17 
83.1 

7.3 

993.8 
70.2 

142.4 

Ax ia l 

0.17 
82.3 

9.3 

0.02 

201.1 
33.3 

S = 55.9 

To ta l 

0.17 
83.2 

8.2 

1893.1 
70.2 

The comple te r e a c t o r , including the f i l te r and b lanke t , i s 56.06 in. 
long, has an effective r ad ius of 27.63 in . , and a vo lume of 134,440 in.^ 
(2,203 l i t e r s ) . 

APPROACH TO CRITICAL 

On the b a s i s of e x p e r i e n c e g a t h e r e d while conduc t ing the e x p e r i ­
men ta l p r o g r a m of A s s e m b l y 34, the in i t i a l loading con ta ined the full ex ­
pec ted co re zone for A s s e m b l y 42. Since A s s e m b l y 34 was c r i t i c a l with 
over 500 kg U^^^, a loading containing the s a m e r a t i o of fuel to d i luen t s and 
141 kg U^^^ would be far s u b c r i t i c a l . This s u b c r i t i c a l c o r e was comple t e ly 
b lanketed both r ad ia l ly and axia l ly with dep le ted u r a n i u m to a d i s t a n c e ex­
pected for the c r i t i c a l r e a c t o r , including a s u r r o u n d i n g 12- in . blanket.\-^/ 

The app roach to c r i t i c a l c o n s i s t e d of s t epwi se r a d i a l r e p l a c e m e n t s 
of b lanket d r a w e r s with d r a w e r s conta in ing the m a t e r i a l s cons t i t u t ing the 
d r i v e r zone. After each i n c r e m e n t a l addi t ion of d r i v e r m a t e r i a l , the ha lves 
were brought toge ther and the d e g r e e of s u b c r i t i c a l i t y e s t i m a t e d a s b a s e d 
on the i n v e r s e of the neu t ron count r a t e f rom two p r o p o r t i o n a l c o u n t e r s 
s i tua ted a t the axia l c o r e - b l a n k e t i n t e r f a c e in d r a w e r s 1 and 2 - 0 - 1 4 . The 
coun te r s w e r e pos i t ioned to m i n i m i z e n o n l i n e a r i t i e s in the c r i t i c a l - a p p r o a c h 
cu rve , that i s , the plot of i n v e r s e count r a t e v s . m a s s of U^^^ ( s ee F i g . 7). 

After r each ing c r i t i c a l i t y , c o n t r o l r od No. 10 w a s c a l i b r a t e d by m e a s ­
ur ing the s table pe r iod a s s o c i a t e d wi th each i n c r e m e n t a l change in c o n t r o l 
rod posi t ion. By a l t e r n a t e l y ad jus t ing two c o n t r o l r o d s in oppos i t e d i r e c ­
t ions and by a s s u m i n g that the c o n t r o l r o d s have no i n t e r a c t i o n , a c a l i b r a t i o n 
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over several inches of rod No. 10 was made. This control rod, located in 
the driver region, indicated a worth of approximately 80 Ih with a differen­
tial worth near the center of the rod of approximately 9 Ih/in. The cali­
bration curve for rod No. 10 is given in Fig. 8. The reactivity-period 
curve used is reproduced in Fig. 9. 

Fig. 7 

Critical Approach 

The reactivity worth of core 
material substituted for blanket ma­
terial at the edge of the driver was 
measured as a function of the change 
in critical rod position. After sub­
stitution of half-drawers at certain 
locations to round off the shape of 
the cylindrical reactor, the edge 
worth of driver material was meas­
ured as 25 Ih/kg U"^. xhis worth, 
along with the control rod calibra­
tion, was used to calculate an exact / iROD POSITION, m 
critical mass of 379.4 kg Û ^̂ , ex­
clusive of the 0.7 kg Û ^̂  in the filter. Eig. 8. Control Rod Calibration 
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t | = 327 I h 
1 Th= 2.45X10 
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2 
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4 
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21.7 0.186 

5.87 0.184 
2. IS 0.409 

F i g . 9 

R e a c t i v i t y P e r i o d C u r v e 

P L A T E ORIENTATION E X P E R I M E N T S 

Some conce rn has been e x p r e s s e d about the effects of p la te o r i e n ­
tat ion in reg ions w h e r e the flux g r a d i e n t i s s t e e p . In o r d e r to c la r i fy the 
ex i s tence of r eac t iv i ty changes due to t h e s e effects and to m e a s u r e t he se 
effects semiquan t i t a t ive ly if p o s s i b l e , two e x p e r i m e n t s w e r e conduc ted . 

To check for poss ib le effects on r e a c t i v i t y of c o r e p la te o r i e n t a ­
tion in co re m a t e r i a l n e a r the d r i v e r , the fuel p l a t e s in d r a w e r s 1 and 
2, L-14 and 18, and 1 and 2, R -14 and 18 ( s ee F i g . 10) w e r e o r i e n t e d 90° 
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to make the fuel plates paral lel to the filter mater ia l in this region. The 
orientation process involved keeping the plates in positions that resulted 
in the same average center of mass for each drawer regardless of or ien­
tation of fuel plates. This process would eliminate the possibility of any 
net radial shifting of fuel if the gradient in the vicinity was linear. 

The resulting reactivity change was 1.26 Ih for an orientation of 
9.2 kg of enriched uranium at an average radius of 6.17 in. 

The second experiment consisted of orienting the columns of en­
riched uranium in the driver at a radius such that the gradient would be 
steep. The fuel columns in drawers 1 and 2, 1-15, 16, and 17, and I and 
2, U-15, 16, and 17 (see Fig. 11) were oriented 90°, resulting in a r eac ­
tivity change of 2.36 Ih for 27.6 kg U^" at an average radius of 13.23 in. 

2 ] fl 5 6 7 a 9 10 II 12 13 M 15 IS IT m 19 20 21 22 23 24 25 26 27 29 29 39 31 

HALF H 

NO BOTH I 

X = CONTROL L 
AND M 

SAFETY RODS N 
0 

#=MODIFIED P 
DRAWERS 0 

ELa^ 

ftl^: 

1E'~ .._ 
T I - - — 

35=[ 
I i i i i i i ^ , ^ ^ : : : ! 

I s_p--
_ W #il-

<il 

: 
,DRH/£:R 

' -
Kl , - F I L r E R 

^I E _ 
a _ ± 

"_S I 
" 

-• 

: 
: 

LOADING NO. 

Fig. 11. Driver Fuel Plate Reorientation 

Although the results indicated a small negative change in the core 
at R = 6.17 in., and a slightly larger positive change in the driver at 
R = 13.23 in., no conclusions have been drawn since the evaluation does 
not take into account the possible effects of large nonlinear gradients r e ­
sulting in net effective shifts of fuel nor does the e r ro r due to closure of 
the halves of ± y Ih allow any degree of confidence in the accuracy of 
either experiment. 
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HETEROGENEITY F U E L - B U N C H I N G E X P E R I M E N T S 

B e c a u s e of p r o b l e m s a s s o c i a t e d with o r i e n t a t i o n of fuel in the c o r e 
and d r i v e r and the l imi t ed n u m b e r of e n r i c h e d u r a n i u m p i e c e s of c e r t a i n 
r e q u i r e d specif ic s i z e s , the h e t e r o g e n e i t y e x p e r i m e n t s for the c o r e and 
d r i v e r had to be conducted s e p a r a t e l y . It was a s s u m e d that s i nce h e t e r o ­
genei ty c o r r e c t i o n s a r e functions of loca l p e r t u r b a t i o n s , t h e r e wi l l be no 
g r o s s i n t e r a c t i o n be tween the c o r e and d r i v e r d u r i n g the a s s o c i a t e d bunch­
ing expe r imen t s . (4 ) This a l lows a s i m p l e s u m m i n g of the effects in each 
zone to a r r i v e at an o v e r a l l homogene i ty c o r r e c t i o n for the e n t i r e r e a c t o r . 
Ten d r a w e r s of a r e p r e s e n t a t i v e s e g m e n t of each half of the c o r e zone 
(see F ig . 12) w e r e a l t e r n a t e l y bunched and unbunched. 
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Fig . 12, Core Homogenei ty E x p e r i m e n t 

The 20 d r a w e r s containing 23.1 kg U"^ when bunched ( see F ig 13) 
^ir/^'^fta 's" """ ' ' ^ " ^ ^ ^ ^ i ° r eac t iv i ty of 31.65 Ih. Bunching of the e n t i r e 
141 kg U m the c o r e would thus r e s u l t in a gain of 193 Ih. 

The s a m e 20 d r a w e r s w e r e used to d e t e r m i n e the effect of chang­
ing the th ickness of the fuel co lumns f rom i to ^ j in. Unbunching the 

'^7'TlT^T'^l^^^'' '° '^""^'^"^ to ^V- in . c o l u m n s ( see F ig . 14) i n ­
volved 23.14 kg U"=, r e su l t i ng m a l o s s of 20 Ih. If the e n t i r ; c o r e zone 



15 

i l i M i M i l i l i M l M l I I I , 1, I I I , 
^5% Aluminum 
'15% Aluminum 

— 63% Aluminum 

DeDleted Uranium 
Graohite 

Enriched Uranium 

Graphite 

63% Aluminum 

— 45% Aluminum 

Stainle:;s Steel 
1 Stainless Fiteel 

. ' ! ' ! ' ! ' ! ' i ' r ! ' ! T i ' r i ' i ' M M 

i l i M 1 
^ / 
\ / 
\ / 
\ / 
\ / \ / 

\ / 
\/ 
/\ / \ 

/ \ / \ 

/ \ 
' I ' M ' 

ASSEMBLY NO. 42 
LOADING NO. 
DRAWER NO. 

Fig. 13 

Core Bunching 
Arrangement 
(for reference 
see Fig. 4) 

Fig. 14 

Core Unbunching 
Arrangement 

,1 , 1 , 1,1,1,1, 1, M l M , 1, 1, M l 1, 
stainless Steel 
45% Aluminum 
45% Aluminum 

1/16" Column of Enriched Uranium 
Graphite 

Depleted Uranium 
63% Aluminum 
100% Aluminum 
100% Aluminum 
63% Aluminum 

DeDleted Uranium 
Graphite 

1/16" Column of Enriched Uranium 
45% Aluminum 
45% Aluminum 
Stainless Steel 
Stainless Steel 

1 1 , 1 1 1 i 1 , 1 1 1 , 1 , 1 , 1 , 1 , 1 1 1 , 1 , 1 1 1 , 1 , 

i l i M , 

/ Depleted \ 

I ' M ' 

Four full drawers and two half drawers (see Fig. 15) in each half 
were used as a representat ive segment for bunching and unbunching the 

! 3 4 S 6 7 S 9 10 II \l IS 14 15 16 IT 18 19 20 Zl 11 II Zfl Z5 2S ZT 26 Zi 30 31 

HALF I 

Mn BOTH 

X = CONTROL L 
AND M 

SAFETY RODS N 
o 

^ = MODIFIED P 
DRAWERS 0 

l\.\\ 

.._ 

] 3 "~ ^ - - — I :: _ 33E[ 

1=1 I ^l.\ V-'-
I s_̂ — 

_ W 

\'' 

<:T 

: ,DRI«:R 
y ' ^ 

81 ̂ -FiirfiR 

" ef • - 1 1 = -

; _s I ~ -

" 

Fig. 15 

Driver Homoge­
neity Experiment 



16 

d r i v e r zone. The d r i v e r bunching (see F ig . 16) e x p e r i m e n t wi th 23.1 kg 
U"= r e s u l t e d in a gain of 15.3 Ih. E x t r a p o l a t i o n to the full 239-kg d r i v e r 
would r e s u l t in a r eac t i v i t y gain of 158 Ih. 

, | , l i M , M , l i l i M i M < M i M > 

1 1 , 1 , 1 1 1 1 , 11 1 , 1 , 1 , , , 11 1 , | , | i 11 11 1 ' 
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A r r a n g e m e n t 
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s ee F i g . 5) 
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LOADING NO. 
DRAWER NO. 

This s ame segment , now conta ining 23.14 kg U^^^ when unbunched 
(see F ig . 17) f rom \ - to y ^ - i n . - t h i c k c o l u m n s , r e s u l t e d in a l o s s in r e ­
act ivi ty of 4.3 Ih. Ex t rapo la t ion to a comple t e ly unbunched d r i v e r r e s u l t s 
in a loss of 44.6 Ih. 
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Fig . 17. D r i v e r Unbunching A r r a n g e m e n t 
(for r e f e r e n c e see F i g . 5) 

The r e s u l t s of the bunching e x p e r i m e n t s a r e shown in F i g . 18, whe re 
r e l a t i ve reac t iv i ty is given as a function of fuel t h i c k n e s s and inc ludes an 
ex t rapo la t ion to z e r o t h i c k n e s s . S u m m a t i o n of the z e r o f u e l - t h i c k n e s s 
values for both co re and d r i v e r would r e s u l t in c o n s i d e r a b l y l e s s than the 
nominal 450 Ih which can be taken as an a v e r a g e c o r r e c t i o n ( a p p r o x i ­
mate ly 1%; 0.7-1.5%) for m o s t r e c e n t l a r g e d i lu te a s s e m b l i e s . (5) 
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Homogeneity Correction 

FUEL THICKNESS, 

WORTH OF CORE DRAWERS AT VARIOUS RADIAL POSITIONS 

The reactivity worths of core drawers at three different radial 
positions were measured, relative to void, by the technique of subcritical 
multiplication determination. This technique involves removing a core 
drawer, thus causing the reactor to be subcritical with the halves to­
gether and all rods inserted. A calibrated control rod is then moved to 
2 or 3 different positions with two separate BF3 counters measuring the 
subcri t ical count ra tes at each control rod position. The reciprocal 
count rate is then used to extrapolate to cri t ical and the control rod cal i­
bration used to determine the degree of subcriticality. This reactivity is 
then added to the known excess of the reference core to determine the 
worth of the removed drawer. The results of these measurements are 
given in Table II. 

Table II 

MEASUREMENTS OF DRAWER WORTHS 

R a d i u s 
( in. , cm) 

0,0 

8 .71 , 22.1 

10.9, 27.7 

D r a w e r 
M a t r i x P o s i t i o n 

2 0 16 

2 K 16 

2 0 2 1 

Worth (Ih) 

107 + 5 

8 4 + 4 

1 3 0 + 6 

C o m m e n t s 

Cen te r of Core (F ig . 4) 

Core , Outer Edge (F ig . 4} 

D r i v e r , Inner Edge (Eig. 5) 



CENTRAL REACTIVITY MEASUREMENTS 

M e a s u r e m e n t s w e r e m a d e of the r e a c t i v i t y change due to the i n s e r ­
tion of va r ious m a t e r i a l s a t the c o r e c e n t e r . All the f i s s i l e m a t e r i a l s ^ 
(U235^ U"^ , and Pu^^') in these m e a s u r e m e n t s w e r e a p p r o x i m a t e l y 2 x 2 x ^ in. 
in s i z e . The U"^ s a m p l e was in the f o r m of two -^ - in . - th i ck p l a t e s , and the 
Plutonium and U " ' s a m p l e s w e r e canned in a l u m i n u m . The r e f e r e n c e load­
ings for the sma l l f i s s i le s a m p l e s con ta ined one c r o s s w i s e c o l u m n of 
45% a luminum and one of 63% a l u m i n u m in the f i r s t q u a r t e r - i n c h of two 
opposing c e n t r a l d r a w e r s . The f i s s i l e m a t e r i a l s w e r e s u b s t i t u t e d e i t h e r 
clad in (in the c a s e of p lu tonium and U"^) or sandwiched b e t w e e n (in the 
case of U^^ )̂ 100% a l u m i n u m such that the net a l u m i n u m change was 
negl ig ible . 

To m e a s u r e the c e n t r a l r e a c t i v i t y w o r t h s of nonf i s s i l e m a t e r i a l s 
(depleted u r a n i u m and tho r ium) , a spec i a l s e t of two d r a w e r s was used . 
The pe r fo ra t ed front sec t ions of t he se d r a w e r s w e r e r e c e s s e d one inch 
into the d r a w e r . By use of these d r a w e r s in opposing c e n t r a l m a t r i x tubes , 
an 8-cu in. void was c r e a t e d a t the c o r e c e n t e r . The changes in r e a c t i v i t y 
were m e a s u r e d for 2 x 2 x 1-in. s a m p l e s i n s e r t e d in t h e s e s p a c e s , excep t 
for the m a t e r i a l s s i lve r and boron c a r b i d e , for which a s ing le 1 x 2 x 2- in. 
sample and a 1 x 2 x -j-in. s ample w e r e used , r e s p e c t i v e l y . 

The reac t iv i ty changes m e a s u r e d "were t aken as the d i f fe rence in 
the ca l i b r a t ed cont ro l rod posi t ion for the changed c o r e ove r tha t for the 
r e f e r e n c e c o r e for each s a m p l e . F o r l a r g e changes in r e a c t i v i t y , the 
a s s o c i a t e d r e a c t i v i t i e s in inhours for each con t ro l rod pos i t ion w e r e r e a d 
d i rec t ly f rom the cont ro l rod ca l i b r a t i on c u r v e . F o r s m a l l changes in 
r eac t iv i t y , to obtain the g r e a t e s t a c c u r a c y , the d i f fe ren t i a l c a l i b r a t i o n 
over a l i nea r por t ion of the cont ro l rod was used . 

The reac t iv i ty wor ths of the m a t e r i a l s e x a m i n e d a r e g iven in 
Table III. The e r r o r s c i ted a r e b a s e d on an e s t i m a t e d + 0 . 5 Ih for 
h a l f - c l o s u r e r ep roduc ib i l i t y . 

A p e r t u r b a t i o n theory code wr i t t en by A. H e s s , p r o g r a m m e d for the 
IBM 1620, was used to ca lcu la te some of the c e n t r a l m a t e r i a l wor th s . ( ^ ) 
The r e s u l t s a r e given in Table III. 
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CENTRAL REACTIVITY COEFFICIENTS 

[All values in mb/atom, normalized to [v-lhf-ac for Pu239] 

Material 

U233ll>l 
U238lll) 
Thorium 
Zirconium 
Sodium'^' 
Lead 
Carbon 
Bismuth 
Aluminum 
Ph-I Oxidela.iil 
Ph-E Oxidela.SI 
Niobiumlal 
IVIolybdenum 
IVlercuryfal 
AI2P3 
Oxygen*̂ ) 
Lithium'al 
Beryllium 
BlOlcl 
Tantalum's) 
SS 
Silver 

Nickel 
Chromium'al 
SS 

Assembly 34 

Experimental 
(Ih/kgl 

107 ± 2.0 
182 i 2.5 
206 ± 2.5 
-5.8 ± 0.3 

-12.7 ± 0.3 
-1.2 ± 0.5 
7.2 ± 5.0 

-0.09 ± 0.3 
36.6 ± 2.5 
-0.4 ± 0.5 
0.94 ± 0.5 

-14.8 ± 2.5 
-13.4 ± 2.5 
-16.0 ± 1.0 
-9.5 ± 0.5 
-5.0 ± 0.5 
8.1 ± 1.5 

-81.S ±10.0 
84.8 ± 2.0 

-2060 ± 50 
-28.7 ± 0.5 
-1.5 ± 0.5 

-44.2 ± 0.4 

-2.4 ± 0.5 
-0.6 ± 1.0 
-1.5 ± 0.5 

Calc 
(mb/atom) 

Measured 
(mb/atom) 

Assembly 42 

Experimental 
l lh/kg) 

Using Cross-section Set635'5' 
1910 
3404 
3630 
-105 
-240 
-13 
10 

21 

4 

-129 
-77 

15 

-1450 
-358 

-7 

1990 ± 35 
3404 ±40 
3700 ± 40 
-108 ± 5 
-230 ± 6 

- 8 ± 3 
13 ± 9 
-1± 4 
34± 3 
-6± 9 
2 ± 1 

-164 ± 30 
-141 ± 30 
-116 ± 8 
•71 ± 4 
-78 ± 8 

21 ± 8 
-41 ± 5 
59 ± 1 

-1610 ± 40 
-400 ± 10 

- 6 ± 2 
-370 ± 5 

Using Cross-section Set U 

-9 
-10 
-6 

-11 ± 2 
- 2 ± 3 
- 6 ± 2 

117 ± 2.0 
197 ± 25 
223 ± 25 
-8.0 ± 0.3 

-13.0 ± 0.3 
-1.3 ± 0.5 
10.3 ± 5.0 
-0.3 ± 0,3 
35.5 ± 2.5 
-0.07 ± 0.4 
0.2 ± 0.5 

•15.3 ± 25 
-14.5 ± 25 
-16.6 ± 1.0 
-10.3 ± 0.5 
-5.4 ± 0.5 
8.3 ± 1.5 

-97.6 ±10.0 
83.1 ± 2.0 

-2290 ± 50.0 
-30.2 ± 0.5 
-1.7 ± 0.5 

•50.4 ± 0.8 

5I7I 

-2.5 ± 0.5 
-0.7 ± 1.0 
-1.7 ± 0.5 

Calc 
(mb/atom) 

1916 
3402 
3636 
-105 
-240 
-14 

8 

19 

3 

-128 
-79 

14 

-1410 
-354 

-9 

-10 
-11 
-8 

Measured 
(mb/atom) 

2010 ±35 
3402 ±40 
3860 ± 40 
-108 ± 5 
-217 ± 6 

-9 ± 3 
17 ± 9 
-4 ± 4 
31 ± 3 
-1 ± 9 
0.4 ± 1 

-157 ± 30 
-142 ±30 
-111 ± 8 
•71 ± 4 
•78 ± 8 

20 ± 8 
-41 ± 5 
54 ± 1 

-1650 ± 40 
-394 ± 10 

-7 ± 2 
-393 ±10 

•11 ± 2 
•3 ± 3 
-7 ± 2 

(a'Corrected for reactivity effects of stainless sleel canning material. 
(b)Corrected for effects of all other isotopes contained in samples. 
(t^'Corrected for effects of B ^ and carbon in enricfied B4C sample. 
*f"Pfiysicum samples fully described in reference 8. 
'^'oxygen wortti calculated from AI2O3 measurement. 
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REACTIVITY WORTHS O F AXIAL COLUMNS O F 
REACTOR MATERIALS AT VARIOUS RADII 

To obtain a d i s t r i b u t i o n of the r e a c t i v i t y w o r t h s of r e a c t o r m a t e r i a l s 
at v a r i o u s r a d i i tha t would be a m e n a b l e to c a l c u l a t i o n , m e a s u r e m e n t s w e r e 
m a d e of the r eac t i v i t y changes a s s o c i a t e d wi th s u b s t i t u t i o n of full a x i a l co l ­
umns of v a r i o u s m a t e r i a l s a t t h r e e d i f fe ren t r a d i i in the c o r e and one in the 
d r i v e r . 

F o r a l uminum, g r aph i t e , s t a i n l e s s s t ee l , and d e p l e t e d u r a n i u m in the 
c o r e a d r a w e r conf igura t ion shown in F ig . 19(a) w a s u t i l i zed . F o r t h e s e m a ­
t e r i a l s in the d r i v e r the d r a w e r conf igura t ion of F ig . 19(b) w a s u t i l i zed . 

The r e a c t i v i t y m e a s u r e m e n t s w e r e p e r f o r m e d by in i t i a l l y de t e rmin ing 
the c r i t i c a l rod pos i t ion for fu l l -dens i ty a l u m i n u m in the s a m p l e c o l u m n s , 
and then for 45% a l u m i n u m in t h e s e s a m e c o l u m n s . The w o r t h of a l u m i n u m 
was then d e t e r m i n e d f rom the d i f fe rence in c r i t i c a l r od p o s i t i o n be tween the 
two r u n s and the m a s s change of a l u m i n u m b e t w e e n the two r u n s . The wor th 
of a l u m i n u m was then used to c a l cu l a t e the r e a c t i v i t y of a r e f e r e n c e c o r e 
having t h e s e s a m p l e co lumns voided. Th i s r e f e r e n c e c o r e w a s then used as 
a b a s i s for d e t e r m i n i n g the w o r t h s of c o l u m n s of g r a p h i t e , s t a i n l e s s s tee l , 
and deple ted u r a n i u m . 

The co lumn w o r t h of e n r i c h e d u r a n i u m in the c o r e w a s d e t e r m i n e d 
by r ep l ac ing one I" - in . - th ick co lumn of 100% a l u m i n u m . The d r a w e r config­
u ra t i on for t h e s e m e a s u r e m e n t s i s shown in F ig . 19(c). In t h e s e m e a s u r e ­
m e n t s , the ^ - i n . co lumn of a l u m i n u m was used a s a f i l l e r to k e e p the 
TT--in. co lumn of u r a n i u m in a speci f ic pos i t ion . The r e a c t i v i t y effects a s -
soc ia ted with the p r e s e n c e of th is e x t r a j ^ -i^i' co lumn of a l u m i n u m w e r e 
accoun ted for in the ca lcu la t ion of the w o r t h of the e n r i c h e d u r a n i u m column. 

The co lumn wor th of en r i ched u r a n i u m in the d r i v e r w a s d e t e r m i n e d 
by r ep l ac ing a co lumn of deple ted u r a n i u m with a r r - i n . c o l u m n of en r i ched 
u r a n i u m and a j j - i n . co lumn of 100% a l u m i n u m [ see F ig . 19(d)]. The r e ­
ac t iv i ty effects a s s o c i a t e d with the w i t h d r a w a l of the dep le t ed u r a n i u m column 
and the addi t ion of the -j^-in. a l u m i n u m co lumn w e r e a c c o u n t e d for in the cal­
cula t ion of the w o r t h of the ji-iri. co lumn of e n r i c h e d u r a n i u m . 

The r e s u l t s of t he se e x p e r i m e n t s a r e given in T a b l e IV. F r o m the 
co lumn wor th m e a s u r e m e n t s of e n r i c h e d and dep l e t ed u r a n i u m , w o r t h s for 
p u r e co lumns of u " ^ and U"** have been c a l c u l a t e d and a r e g iven a t the bot ­
t om of the t ab le . In mak ing c o r r e c t i o n s to d e t e r m i n e the U^̂ = and U^^^ co l ­
umn wor th , the a s s u m p t i o n was m a d e that the r e a c t i v i t y effect p e r a t o m was 
the s a m e for e i the r speci f ic i so tope w h e t h e r the i so tope w a s con ta ined in 
e n r i c h e d or dep le ted u r a n i u m . Although th is a s s u m p t i o n i s not n e c e s s a r i l y 
val id , any e r r o r a s s o c i a t e d with it wi l l be s m a l l c o m p a r e d wi th the r eac t iv i ty 
m e a s u r e m e n t e r r o r due to c l o s u r e of the h a l v e s . 
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(a) Drawer configuration for aluminum, 
grapfiite, stainless steel, and depleted 
uranium in the core. 

lb) Drawer configuration for aluminum, 
grapfiite, stainless steel, and depleted 
uranium in the driver. 

(cl Enricfied column worth for core (d) Enriched column worth for driver 

Fig. 19. Drawer Arrangement for Column Worth Measurement 

Table IV 

COLUMN WORTH (ih/kg) MEASUREMENTS 

Mater ia l 

Enriched Uranium 

Depleted Uranium 

Stainless Steel 

Aluminum 

Graphite 

u"' 
U238 

R a d i u s 

0 in . 
C o r e 

7 3 . 5 + 0.9 

- 2 . 5 3 ± 0.09 

0.12 + 0.12 

3 .5 ± 0.3 

29 .4 + 1.1 

79 .0 ± 0.9 

- 2 . 6 8 ± 0.09 

4 . 8 8 in . (12 .4 c m ) 
C o r e 

7 2 . 5 ± 0.9 

- 2 . 3 5 ± 0 .05 

0 .45 ± 0.03 

3.7 ± 0.2 

27 .4 + 0.3 

78 .0 ± 0.9 

- 2 . 4 9 + 0 .05 

5.9 in. (17 .5 c m ) 
C o r e 

67 .0 ± 0.9 

- 2 . 0 8 ± 0 .05 

0.43 ± 0.03 

3.7 ± 0.2 

23 .8 ± 0.6 

72 .0 ± 0.9 

- 2 . 2 0 + 0 .05 

11 .75 in . (29 .8 c m ) 
D r i v e r 

36.9 ± 0.9 

0.40 + 0.02 

2 .60 ± 0.06 

6.6 ± 0.3 

23 .1 ± 0.6 

39 .7 ± 0.9 

- 0 . 4 2 ± 0.02 
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The drawer positions used in these experiments a re given in Fig. 20. 
Since the gradient in the core zone is not part icularly steep, the quoted ef­
fective radii of the measurements in this zone are probably quite accurate. 
The effective radii quoted for the driver was taken as the physical center of 
the drawer and consequently may be in e r ror due to a steep nonlinear flux 
gradient in this zone. Since the second derivative of the radial flux shape 
will be negative over most of the driver (the flux shape is convex), the ef­
fective center may be at a radius somewhat larger than 11.75 in. 
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Fig. 20. Positions for Column Worth Measurements 

REACTIVITY MEASUREMENT ERRORS 

1- Er ror Associated with the Closure of the Halves 

Based on experience gained over several years of operating ZPR-III, 
a half closure error of ±0.5Ihhas been accepted as an average figure, al­
though smaller numbers (of the order of ±0.35 Ih), have been recorded for 
a limited number of experiments on specific large assemblies . The previous 
value has been taken as appropriate for measurements on this assembly. 

2. Temperature Changes 

Although the temperature coefficient of this assembly was not meas­
ured, experience with a large number of assemblies indicates a reactivity 
temperature coefficient of -1.5 Ih/°C. Since temperature changes within 
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the core a re relatively slow, this e r ro r is unimportant and is corrected in 
all cases where temperature changes between runs were noticed. To avoid 
tempera ture correct ions for runs involving only small changes in reactivity, 
measurements of this type were made previous to, or following, the specific 
reference. 

3. Control Rod Movement and Backlash 

The lower limit of reactivity change measurable due to required 
movement of the control rods is reported as +0.04 Ih (or 10"^ Ak/k).(9) This 
e r ro r is very small compared with the half closure e r ror and can be ignored 
for reactivity measurements associated with this assembly. 

Thus, for pract ical purposes, the limitation of measurement of r eac ­
tivity changes in Assembly 42 is associated mainly with half closure e r ro r 
(item 1). This inherent e r ro r (+0.5 Ih) is the basis for all reactivity meas ­
urement e r ro r l imits quoted in this report . 

FISSION RATIOS 

Fission rat ios of various fissile materials to U^̂ ° were measured at 
the core center with fission chambers of a parallel plate-type construction.(l 0) 
P rec i se construction techniques and the reported accuracy of the mass of the 
contained fissi le mater ia l (+1%) make accurate measurements of effective 
c ross -sec t ion rat ios possible. 

Two opposing central drawers ( land 2-0-16) were reloaded to allow 
for positioning of a counter at the front of each drawer (see Fig. 21). A U^̂ ^ 
counter (No. 5), used as a standard in flux monitoring, was placed in the 

Fig. 21. Drawer Arrangement for Central Fission Ratio 
Measurements 
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front of one of the central drawers and maintained there throughout this 
experiment. The other counters were placed, one at a time, at the front of 
the opposing drawer. With the assembly at constant power the count rate 
of both the standard U^̂ ^ counter and the adjacent fission counter were taken. 

To correct for power variations between different runs, the count-
rate data from the experimental fission counter were normalized to the count 
rate from the standard U^̂ ^ counter. A set of simultaneous linear equations 
programmed for the IBM 1620 computer was used to correc t for isotopic 
content of the counters used. The experimental fission ratios a re given in 
Table V along with calculated ratios from the DSN spectrum using c ross -
section Set 635(1^) and from a one-dimension cylindrical diffusion-theory 
calculation using cross-sect ion Set 192.(12) Also listed a re the fission 
ratios, both experimental and calculated, for Assembly 34. The central 
spectra resulting from Set 192 are given in Table VI. 

Table V 

CENTRAL FISSION RATIOS 

Diffusion 
Theory 

Assembly 34 

Measured 
Corrected(11.13) 

for o. 

Assembly 42 

Calculated 
Diffusion 
Theory 

Corrected 
for o,„ 

°i 

Of 

Of 

Of 

Of 

°f 

Of 

5f 

Of 

U''-" 

u"= 

u"* 
u"= 

Pu"° 

u"= 

P u " ' 

U"= 

U233 

0.091 

0.296 

0.039 

0.296 

0.079 

0.293 
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Table VI 

CALCULATED CENTRAL SPECTRA AND ADJOINTS 
CROSS-SECTION SET 192 (RE-122)(12) 

Group 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Assembly 34 

0 

0.0186 
0.0371 
0.0676 
0.1041 
0.1421 
0.1513 
0.1297 
0.0970 
0.0793 
0.0685 
0.0336 
0.0364 
0.0181 
0.00718 
0.00776 
0.00149 

0* 

0.0616 
0.0610 
0.0581 
0.0539 
0.0549 
0.0579 
0.0601 
0.0622 
0.0632 
0.0641 
0.0656 
0.0662 
0.0682 
0.0684 
0.0683 
0.0664 

Assembly 42 

0 

0.0187 
0.0370 
0.0671 
0.1035 
0.1424 
0.1521 
0.1303 
0.0977 
0.0796 
0.0685 
0.0336 
0.0359 
0.0177 
0.0070 
0.00748 
0.00142 

0* 

0.0629 
0.0620 
0.0588 
0.0542 
0.0550 
0.0579 
0.0601 
0.0620 
0.0630 
0.0638 
0.0652 
0.0658 
0.0677 
0.0679 
0.0678 
0.0660 

NUCLEAR TRACK EMULSION EXPOSURES 

Several i r radiat ion runs were made in which 400-fi-thick Ilford E - 1 , 
100-|U-thick Ilford L-4, and 100-f.i-thick Gevaert 307 emulsions were ex­
posed to total integrated fluxes of fromi 1 x 10^ to 6 x lO' nvt. Twenty-one 
emulsion packets represent ing seven of each type were sent to Northwestern 
University for analys is . Nine mixture Ilford L-4 cadmium-covered emulsion 
packets were sent to Centre d'Etudes de L'Energie Nucleaire, Mol-Donk, 
Belgium. 

FISSION RATE AND REACTION RATE TRAVERSES 

Relative fission ra tes of various fissile isotopes and reaction ra tes 
of boron-10 have been measured along radii extending through the core center 
and also along the core axial midline. The relative fission ra tes of U^^ ,̂ U^̂ ' 
U^^ ,̂ and Pu ' , as well as the reaction rate of B ' ° as measured by an enrich 
BF3 counter, were measured both axially and radially 

ed 
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The r a d i a l m e a s u r e m e n t s w e r e m a d e by t r a v e r s i n g m i n i a t u r e cy l in ­
d r i c a l c o u n t e r s t h rough a guide tube r a d i a l l y f r o m the top of the c o r e down 
th rough the c o r e c e n t e r . A v e r t i c a l guide tube i s r e c e s s e d into the 16th row 
of the m o v a b l e half (Half No. 2) by i n s e r t i n g the tube in h o l e s d r i l l e d th rough 
the tops and b o t t o m s of the m a t r i x tubes in th i s row. The c o u n t e r s u s e d in 
th i s m a n n e r a r e d i s p l a c e d ax ia l ly a p p r o x i m a t e l y j in. f r o m the c o r e c e n t e r . 
The — - in . ax ia l d i s p l a c e m e n t does not a l t e r the f i s s ion r a t e r e s u l t s in f a s t 
r e a c t o r s of th is s i z e . 

Axia l m e a s u r e m e n t s w e r e m a d e by modifying two oppos ing c e n t r a l 
d r a w e r s (l and 2 - 0 - 1 6 ) to a l low t h e m to a c c e p t the - i - - i n . - d i a m e t e r guide 
tube . Th i s guide tube is f ixed in pos i t ion in the m o v a b l e half (Half No. 2) and 
i s a l lowed to s l ide th rough the c e n t e r of the s t a t i o n a r y half. T h i s a l lows 
c l o s u r e of the ha lve s a f te r the t r a v e r s e m e c h a n i s m h a s been bol ted to the 
movab le half and the t r a v e r s e coun te r pos i t ioned in the m o v a b l e half end of 
the guide tube. Both r a d i a l and ax ia l flux d i s t r i b u t i o n m e a s u r e m e n t s w e r e 
m a d e p a r a l l e l to the fuel p l a t e s to a s s u r e that f i n e - s t r u c t u r e effects would 
not d i s r u p t a n o r m a l l y smooth d i s t r i b u t i o n of flux due to v a r i a t i o n s in 
c o u n t e r - f u e l p r o x i m i t y . The m e a s u r e d f i s s ion r a t e d i s t r i b u t i o n s a r e given 
in F i g s . 22 th rough 29, and r e a c t i o n r a t e d i s t r i b u t i o n s for b o r o n - 1 0 in 
F i g s . 30 and 31 . 
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ROSSI-ALPHA MEASUREMENTS 

Since this reactor consisted of two zones differing greatly in compo­
sition, three different ar rangements of four BF3 counters were used to de­
termine if the different lifetimes of each region can be measured. The 
resul t s a re given in Table VII. 

Table VII 

ROSSI-ALPHA MEASUREMENTS 

Alpha at delayed cri t ical 
(sec" ' X 10"^) 

A. Both initiating and terminating 
counters at center of core 3.68 

B. Initiating counter at center of core -
terminating counter in driver region 3.76 

C. Reverse of B above 3.67 

Since the uncertainty of each measurement is of the order of 2%, 
there is no credible divergence in the above resul ts . 

An interest ing computation can be performed in this connection. An 
average of the above resul ts gives a value of 3.70 x 10 sec" for alpha at 
delayed cr i t ical . Taking 0.0072 as a reasonable value for Pgffgctive' '^^ °^~ 
tain a lifetime 

19.5 X 10 ^ sec. 
3.70 X 10^ 

However, if we ignore all the experimental resul ts with this assembly, we 
can est imate the lifetime by use of the empirical methods of Brunson etal.( ̂ "̂ ^ 
F r o m fission ra te profiles for U^̂ ^ and U^̂ ^ (see Figs. 22 and 23), it is est i ­
mated that the relat ive importance of the two regions is 1:1. This takes into 
account the fact that 140 kg of fuel in the central region sees a higher flux 
and occupies a position of greater importance than the 240 kg of U in the 
dr iver region. 

F r o m previous resul ts the lifetime for Assembly 34 core composition 
is 24.7 X 10"^ sec. "We can with somewhat less assurance estimate the char­
ac ter i s t ic lifetime in the dr iver composition. We note from Yiftah, et al.V'/ 
that Assembly 12 with - 3 7 v /o graphite has a lifetime 14% greater than the 
predicted lifetime of an a l l -meta l assembly having the same V* (see below). 
Assembly 17 with -53 v/o graphite has a lifetime 30% greater than a cor­
responding a l l -meta l system. The driver region has - 4 7 v/o graphite, and 
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we obta in by hopeful i n t e r p o l a t i o n an e s t i m a t e tha t the l i f e t i m e of t h i s c o m ­
pos i t ion wi l l fall 2 5% above tha t of an a l l - m e t a l a s s e m b l y of the s a m e V*. 
The V* h e r e i s 0.089, for which we r e a c h an a l l - m e t a l l i f e t i m e of 
11.8 X 10"^ s e c . Applying the 25% c o r r e c t i o n e s t i m a t e d above , we ob ta in a 
l i f e t ime of 14.7 x 10"^ s e c . 

If we a v e r a g e t h e s e two l i f e t i m e s on a 1:1 b a s i s a s d i s c u s s e d above , 

we obta in 

(24.7 + 14.7) 
1 0 ' 19.7 X 10^ 

of U^ 

In the above d i s c u s s i o n the t e r m V* i s t aken a s the v o l u m e f r a c t i o n 

p lus -̂  

F O I L IRRADIATIONS 

N a t u r a l and e n r i c h e d u r a n i u m foi ls w e r e i r r a d i a t e d a t po in t s a long 
the r a d i a l and ax ia l m i d l i n e s of the a s s e m b l y . 

All the foi ls w e r e i r r a d i a t e d dur ing a 50 Whr run . The n a t u r a l u r a ­
n ium foils w e r e a l l pos i t i oned in the s t a t i o n a r y half (Half No. 1) and the 
e n r i c h e d foils in the movab l e half (Half No. 2). 

The foils i r r a d i a t e d along the c y l i n d r i c a l ax i s w e r e pos i t i oned b e ­
tween sec t i ons of fuel in d r a w e r s I and 2 - O - 1 6 a s shown in F i g . 32. The 
i r r a d i a t i o n s along the r a d i a l m id l i ne w e r e p e r f o r m e d by p lac ing foi ls a t the 
f ron t and top of two d r a w e r s in the c o r e and one in the d r i v e r . A view of the 
foil pos i t i ons for t h e s e d r a w e r s is given in F ig . 33. 
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Fig. 33. Foil Irradiation Positions (Radial) 

In all cases the foils were wrapped in a double thickness of aluminum 

The radiochemical analysis of the foils was performed at Argonne, 
Illinois. The u^-'̂ :U^^^ fission and capture ratios were determined from the 
total induced activity of Mo'^ and Np ^ respectively. A tabulation of the ex­
perimental resul ts is given in Table VIII. 

Table VIII 

FISSION AND CAPTURE ANALYSIS OF D E P L E T E D 
AND ENRICHED URANIUM FOILS 

Group 
No. 

1-N 

2 - N 

3 - N 

4 - N 

5 - N 

6 - N 

1 - E 

2 - E 

3 - E 

4 - E 

5 - E 

6 - E 

Foi l 
No. 

1-2-3 

4 - 5 - 6 

7 -8 -9 

10-11-12 

13-14-15 

16-17-18 

21-22-23 

24-25-26 

27-28-29 

30-31-32 

33 -34-35 

36-37-38 

Tota l Mass 

(g) 

11.6298 

11.4191 

11.8190 

11.3080 

11.4338 

11.7325 

1.0790 

1.0750 

1.1273 

1.0613 

1.1132 

1.1239 

Total 
F i s s i o n s 

8.93 X 10' 

8.02 X 10' 

5.33 X 10' 

8.24 X 10' 

7.39 X 10' 

7.06 X 10' 

1.85 X lO'" 

1.56 X 10'° 

1.17 X 10'° 

1.79 X 10'° 

1.67 X 10'° 

1.37 X 10'° 

F i s s i o n s / g 

7.67 X 10" 

7.02 X 10" 

4.51 X 10' 

7.29 X 10" 

6.46 X 10" 

6.02 X 10" 

1.72 X 10'° 

1.45 X 10'° 

1.04 X 10'° 

1.68 X 10'° 

1.50 X 10'° 

1.22 X 10'° 

Total 
Cap tu re s 

2.21 X 10'° 

2.00 X 10'° 

1.42 X 10'° 

2.19 X 10'° 

2.06 X 10'° 

1,71 X 10'° 

C a p t u r e s / g 

1.90 X 10' 

1.7 5 X 10' 

1.20 X 10' 

1.94 X 10' 

1.80 X 10' 

1.46 X 10' 
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The foils were analyzed in groups of three to get an average over the 
drawer for any one position and also to increase the activity for better s tat is­
t ics. In all cases the e r r o r s a re taken to be ±3%. 

The fission and capture ratios calculated from this experimental data 
a re given in Table IX. 

Table IX 

ENRICHED AND NATURAL URANIUM FOIL IRRADIATIONS 

D i s t a n c e f r o m 
C o r e C e n t e r 

(cm) 

Ax ia l 

0 

17.8 
35.6 

0.6 
0.6 
0.6 

Rad ia l 

2 . 5 

2 . 5 

2 . 5 

8 .3 

18.8 
29.8 

F i s s i o n s / g 
U238 

6 . 3 9 X 1 0 ' 
5 . 9 5 X 1 0 ' 

3 . 7 9 X l O ' 
6 . 1 3 X 1 0 ' 

5 . 4 3 X 1 0 ' 

5 . 1 8 X 1 0 ' 

C a p t u r e s / g 

u"' 

1.91 X 1 0 ' 
1 .76 X 1 0 ' 

1.21 X 1 0 ' 

1.9 5 X 1 0 ' 

1.81 X 1 0 ' 

1.47 X 1 0 ' 

F i s s i o n s / g 
U235 

1.85 X 10^° 

1 .56 X 10^° 

1.12 X 1 0 ' ° 

1.80 X 1 0 ' ° 

1.61 X 1 0 ' ° 

1.31 X l O " 

Oi U " ' 

5f U " ^ 

0 . 0 3 5 

0 . 0 3 8 

0 . 0 3 4 

0 . 0 3 4 

0 . 0 3 4 

0 . 0 3 9 

5 c U " ' 

Of U " = 

0 . 1 0 3 

0 . 1 1 3 

0 . 1 0 8 

0 . 1 0 8 
0 . 1 1 2 

0 . 1 1 2 

SODIUM IRRADIATIONS 

The increasing trend toward larger (500-4000 l i ters) fast reactor 
cores has spurred interest in low-energy spectral indices. 

This experiment attempts to utilize the (n,7) reaction in the 2.85-keV 
sodium resonance. This measurement is useful in large systems containing 
mater ia ls that have no interfering resonances and whose energy spectra is 
such that the resonance reaction is a constant fraction of the total sodium 
activation, and where the sample resonant flux depression is small enough 
so as not to change the percentage of activation due to resonant absorption 
over the range of reactor spectra that are studied. 

One-dimensional diffusion-theory calculations (RE-122)(15) indicate 
that the (n.y) reaction in the 2.85-keV sodium resonance accounts for 
86.6 ± 1% of the total sodium activations at any point in the core or dr iver . 

Sodium was irradiated in the form of sodium nitrate powder contained 
in j - i n . - d i a by 2-in.-long aluminum capsules. The capsules were placed in 
— -in.-thick voids created at various positions in the reactor . The natural 
and enriched uranium foils were i rradiated (see Table IX) in symmetr ical 
positions during the same run. 
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The sodium nitrate powder was then dumped into a 1 j dram bottle 
and washed. The bottle was then filled with water to a predetermined height 
and was placed in a scintillation well counter. An integral count of all 
gamma rays above 1 MeV was taken. 

The rat io of the absolute /3 disintegration rate to the observed 7 
count ra te of the calibration sample was used to determine the absolute 
decay ra te of the i r radiated samples. To account for the radial flux shape 
the measured sodium activity was divided by the U"= fission rate (see 
Table X). 

Table X 

SODIUM ACTIVATION MEASUREMENTS 

Sample 

I D 

2D 

3D 

5D 

8D 

7D 

Location 

1 0 16 

1 M 16 

1 K 16 

1 I 16 

1 G 16 

1 G 17 

Radius, cm 

0 

11.2 

22.1 

33.3 

44.2 

44.7 

Count s /m 
g NaNOj 

4313 

4311 

3934 

3285 

1018 

748 

Oa. (Na) 

Of (U"5) 

(normalized to unity 
at core center) 

1.0 

1.057 

1.066 

1.18 

1.06 

0.804 

A plot of the normalized (unity at core center) calculated^ ' and ex 
per imental ra t ios is given in Fig. 34. 

An absolute calibration was performed by counting a calibration 
sample of activated sodium nitrate solution. The absolute activity of the 
calibration sample was determined by a 47T /3 counter and a 471 liquid 
scinti l lator. 

A pre l iminary absolute calibration yielded a value of Oa (Na)/ 
Of (U"S) = 0.70 X 10"^ ± 8%. 

Pre l iminary calculations indicate that the resonant flux depression 
for the sample size used may be as large as 40%. An experiment to de­
termine flux depression vs . sample size will clarify this point for future 
sodium i r radia t ions . 
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